Background The treatment of perinatal depression is a public-health priority because of its high prevalence and association with disability and poor infant development. We integrated a cognitive behaviour therapy-based intervention into the routine work of community-based primary health workers in rural Pakistan and assessed the eff ect of this intervention on maternal depression and infant outcomes.
Introduction
Depression is the fourth leading cause of disease burden and the largest cause of non-fatal burden, accounting for almost 12% of years lived with disability worldwide. 1 A systematic review suggests an overall mean prevalence of 33% in the Pakistani population, with women at a greater risk than are men. 2 In a previous study of rural Pakistani women, we reported a prevalence of 25% during pregnancy and 28% in the postnatal period. 3 Perinatal depression was associated with high rates of disability, infant malnutrition, increased rates of infant diarrhoea, and reduced uptake of immunisation. 4, 5 Evidence from high-income countries shows that psychotherapeutic approaches, such as cognitive behaviour therapy, interpersonal therapy, or problemsolving, are eff ective treatments for depression. 6 Randomised trials from low-income and middle-income countries resulted in similar fi ndings. 7, 8 However, the overall diffi culty in these countries remains the scarcity of mental-health professionals to deliver such interventions to underprivileged communities. 9 The challenge is to adapt these interventions so that they can be delivered by ordinary health workers without previous training in mental health. Furthermore, policy makers in low-income countries need to be convinced of the public health importance of treating mental disorders so that they integrate such interventions into existing health systems. 10 With a population of more than 130 million, Pakistan is the world's sixth most populous country. It is a low-income country, with an income per person of less than US$500 per year, and 33% of the population live below the poverty line. 11 The literacy rate among women and girls is 35%. The infant mortality rate is about 80 per 1000 livebirths and more than a third of children aged less than 5 years show stunted growth. 12 The proportion of the yearly budget spent on health was 0·7% in 2000-01; no fi gures are available for the amount spent on mental health. About 350 psychiatrists and 3000 psychiatric beds are concentrated in the major cities, without any specialist mental health services in the rural areas where 67% of Pakistan's population resides. 11 From earlier quantitative and qualitative studies done in a rural sub-district of Pakistan, we developed an intervention based on principles of cognitive behaviour therapy, which could be delivered by ordinary villagebased primary health workers. 3, 13 We used a manual (with step by step instructions for each session) to train the health workers and for them to keep for reference. The intervention, called the Thinking Healthy Programme, used cognitive behaviour therapy techniques of active listening, collaboration with the family, guided discovery (ie, style of questioning to both gently probe for family's health beliefs and to stimulate alternative ideas), and homework (ie, trying things out between sessions, putting what has been learned into practice), and applied these to health workers' routine practice of maternal and child health education. The intervention was integrated into existing health systems in a rural sub-district of Pakistan, and pilot studies showed that both health workers and depressed mothers reported the programme to be relevant and useful; further details of the intervention process are described elsewhere. 13 Our aims were to assess the eff ect of the intervention on perinatal depression in women, and to test the hypothesis that treatment of perinatal depression would lead to improved nutrition and other health outcomes in the infant.
Methods

Study area and participants
The study was done in two rural areas (ie, Gujar Khan and Kallar Syedan, with a combined population of 600 000), located 65 km southeast of Rawalpindi city. Most families in the area depend on subsistence farming, supplemented by one or more of the men serving in the armed forces or working as government employees, or as semi-skilled or unskilled labourers in the cities.
14 Primary health care is delivered through a network of Basic Health Units, each providing care to about 15 000-20 000 people. Each unit is staff ed by a doctor, midwife, vaccinator, and 15-20 village-based community health workers called Lady Health Workers. These women have completed secondary school, and are trained to provide mainly preventive maternal and child health care, and education in the community. Each Lady Health Worker is responsible for about 100 households in her village. About 96 000 health workers in the Lady Health Worker programme provide coverage to more than 80% of Pakistan's rural population (some inaccessible areas, including some of the tribal areas are not covered). 15 The smallest administrative unit in Pakistan is the Union Council, which has a population of around 15 000-20 000. This unit was chosen as the cluster unit of randomisation. Normally one Basic Health Unit provides primary health care for one Union Council and all affi liated Lady Health Workers work in villages within that Union Council only. Supervision of health workers takes place in the Union Council. Thus the risk of contamination of the control group with the interven tion is negligible. There were 40 Union Councils in the two subdistricts of the study area. These subdistricts were geographically contiguous and ethnically, culturally, and socioeconomically homogeneous. All the units were eligible for randomisation, which was done by an independent trial centre in Islamabad, before recruitment of participants (fi gure 1). These administrative units were assigned by random allocation with a table of random numbers by a researcher who was not involved in the study and who was unaware of the identity of the Union To ensure full coverage, we did an additional door-to-door survey to identify women not registered. We excluded women with a diagnosed serious medical condi tion requiring inpatient or outpatient treatment, pregnancy-related illness (except for common conditions, such as anaemia), substantial physical or learning disability, and postpartum or other form of psychosis (fi gure 1).
We did baseline (ie, at the third trimester of pregnancy) assessments after the women had been identifi ed in each Union Council. The assessments were done by experienced psychiatrists (AM and SS) who were trained to administer the structured clinical interview for Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV diagnosis, 16 which is a semi-structured diagnostic interview that has been widely used in cross-cultural epidemiological and treatment studies of prenatal and postnatal depression. 17 We translated and culturally adapted the section for major depressive episode into Urdu with a rigorous procedure developed in Pakistan for previous studies. 18 We established inter-rater reliability before starting the study-both interviewers independently assessed 20 women (ten had clinical depression) and agreed on the diagnosis of 19 (κ=0·90). All women who fulfi lled the criteria for a DSM-IV major depressive episode were recruited into the trial (fi gure 1). The interviewers assessed depressed women at baseline with the Hamilton Depression Rating Scale, 19 a measure of depressive symptoms that has 17 items and a total score from 0 to 54 (with higher scores indicating increased severity of depression). The interviewers were unaware of the allocation status of the Union Councils (because they had no contact with the team that did the randomisation), and we took care to ensure they remained so; none of the interviewers resided in the study area, and throughout the duration of the study they had no contact with the Lady Health Workers or any other health personnel in the study area. Mothers were asked not to tell the interviewers anything about their sessions with Lady Health Workers.
We used questionnaires that we had translated and adapted in our previous studies for the other baseline assessments. 3, 20 These assessments included the brief disability questionnaire, 21 an eight-item questionnaire that rates present diffi culties in doing daily activities on a scale of 0 (not at all) to 2 (defi nitely), with a maximum score of 16; global assessment of functioning scale, 22 a 100-point scale reporting the clinician's assessment of the patient's overall psychological, social, and occupational functioning on a hypothetical continuum (with a higher score indicating better functioning); and the multidimensional scale for perceived social support, 23 a 12-item Likert scale measuring the subjective assessment of adequacy of social support from family, friends, and partners (higher score indicating greater social support). We gathered data for socioeconomic status and demographic characteristics.
We obtained informed verbal and written consent from the participants. Ethical approval for the study was granted by committees of the University of Manchester, UK, and the Institute of Psychiatry, Rawalpindi, Pakistan.
Intervention and control groups
Mothers in the intervention clusters received the Thinking Healthy Programme through 40 specially trained Lady Health Workers (ie, two for each Union Council cluster). Participants only knew that they were receiving one of two types of visits from the health workers. The intervention consisted of a session every week for 4 weeks in the last month of pregnancy, three sessions in the fi rst postnatal month, and nine 1-monthly sessions thereafter. 13 Mothers in the control clusters received an equal number of visits in exactly the same way as those in the intervention group, but by routinely trained Lady Health Workers (two for each Union Council). These health workers in both groups received monthly supervision, and were monitored by the research team to ensure that they were attending the scheduled visits. In practice, the Lady Health Workers seldom provide such structured and monitored care in the community. The control group thus received what would be regarded as ideal care, which we called enhanced routine care.
Outcome assessments at follow-up
Infants who were aborted, stillborn, born premature or congenitally disabled, given up for adoption, or died in the fi rst year were excluded from the study (fi gure 1). Mothers, who became seriously ill, died, or moved residence were excluded (fi gure 1). Mothers in both the intervention and control groups were re-interviewed by the same psychiatrists at 6 months and 12 months postnatally. Infants in both groups were weighed and measured with standard techniques. 24 Growth data were converted into SDs (Z scores) for weight and length with Epi Info 2002 (version 3.4.1) .
Additionally, at 6 months, mothers were asked if they were exclusively breastfeeding. At 12 months, the number of diarrhoeal episodes in the infants in the 2 weeks before interview was recorded with a questionnaire used in previous studies;
5 diarrhoea was defi ned as three or more unformed stools passed in 24 h, and a diarrhoeal episode was defi ned as being separated from another episode by at least 3 diarrhoea-free days. Records of immunisation were assessed at 12 months for all infants in the study, and infants were classifi ed as those with or without up-to-date immunisation status. At 12 months, mothers were asked if they were using any form of contraception, and both parents were asked if they set aside time everyday to play with their infant. All infant outcomes were assessed by researchers unaware of the psychiatric status of the mother.
Statistical analysis
Because we wanted to study the eff ect of the intervention on infant outcomes, we did our sample-size calculations with infant nutrition as the primary outcome. On the basis of previous observational work, 4 we estimated a diff erence of 0·62 SD in infant weight-for-age Z score between intervention and control groups. The unit of randomisation was the Union Council. With 20 Union Councils in each group, 18 mothers per Union Council, and assuming an intra-cluster correlation coeffi cient of 0·05, a sample size of 360 in each group would give more than 95% power to detect the eff ect size at a signifi cance level of 0·05. The same sample size would give us a power of more than 80% to detect a diff erence of 0·3 SD with maternal depression as the secondary outcome.
The Manchester centre, under the supervision of the trial statistician (CR), independently undertook the analysis. We based the statistical analysis on a random-eff ects model with random eff ects for Union Council and mother. 25 For outcomes, we included covariates in the model for baseline value of the outcome, and mother's age, education, parity, infant sex, and socioeconomic status. We checked distributional assumptions with normal probability plots of patient and Union Council residuals. We analysed binary and ordinal outcomes with a random-eff ects logistic regression model with the same covariates, and did statistical analyses with STATA 9 (version 9.0). In the intervention group, we compared weight and height of the infants born to mothers whose depressive disorder had and had not resolved.
The study is registered as ISRCTN65316374.
Role of the funding source
The sponsor of the study had no role in the design, data analysis, data interpretation, writing of the report, or in the decision to submit the report for publication. The corresponding author had full access to all the data in the study and had fi nal responsibility for the decision to submit for publication. Figure 1 shows the trial profi le. At birth, 226 (51%) of 440 infants in the intervention group and 223 (48%) of 463 in the control group were boys. Table 1 shows the baseline characteristics. Table 2 and fi gure 2 show the prevalence of DSM-IV major depressive episodes in the two groups at 6 months and 12 months. At both time points, the prevalence was much higher in the control group than in the intervention group. The cluster-adjusted odds ratio (OR) for major depression among women in the control clusters compared with those in the intervention clusters was highly signifi cant and remained so after adjustment for covariates. Mothers in the intervention group had lower depression scores and lower disability scores at both time points than did mothers in the control group (table 3) . Similarly, mothers in the intervention group had better overall functioning and perception of social support (table 3) . The diff erences remained signifi cant when adjusted for baseline scores of each measure, mother's age, education, parity, infant sex, and socioeconomic status (table 3) .
Results
The diff erences between the intervention and control groups in weight-for-age Z scores or height-for-age Z scores at 6 months or 12 months were not signifi cant, although at 12 months the number of stunted infants in the intervention arm was less than that in the control arm (table 4) . Further analysis of the intervention group showed that infants whose mothers were still depressed at 6 months had signifi cantly lower Z scores at both 6 months (weight-for-age −1·2 vs −0·73, p=0·0003; height-for-age −0·94 vs −0·55, p=0·0033) and 12 months (weight-for-age −2·2 vs −1·95, p=0·0149; height-for-age −1·5 vs −0·98, p<0·0001) than did infants whose mothers had recovered. The associations remained signifi cant after we controlled for all sociodemographics listed in table 1 with multivariate analysis, indicating that untreated maternal depression contributed to infant undernutrition substantially and independently even in the intervention group.
The rate of stunting and underweight rose sharply from 6 months to 12 months in both intervention and control groups (table 4) . This rise is a recognised occurrence in infants because the risk of mal nutrition begins to increase after 6 months of age when most children stop breastfeeding and begin relying on solid foods. However, the overall rate of underweight in the two groups was higher than the overall rate at this age reported for Pakistan (42%), 12 and was probably the eff ect of untreated maternal depression in both groups (table 4) .
Infants in the intervention group were less likely to have had a diarrhoeal episode in the 2 weeks preceding the 12-month assessment and were more likely to have completed their scheduled immunisation (table 5) . Contraceptive use by mothers in the intervention group was signifi cantly higher than in the control group (table 5). The rate of exclusive breastfeeding was higher in the intervention group, although not signifi cant (table 5) . Both parents in the intervention group reported spending more time everyday on play-related activities with the infant than did parents in the control group (table 5) . Data are number (mean, SD), unless otherwise indicated. ICC=intra-cluster correlation coeffi cient. n/a=not applicable. *Adjusted for baseline scores, mother's age, parity, education, infant sex, and socioeconomic status with random eff ect for Union Council. †Hamilton Depression Rating Scale 19 (maximum score 54; higher score indicating greater severity). ‡Random-eff ect Tobit regression due to number of zero scores. §Brief Disability Questionnaire 21 (maximum score 16; higher score indicating greater disability). ¶Global Assessment of Functioning Scale 22 (maximum score 100, higher score indicating improved functioning). ||Multidimensional scale for perceived social support 23 (maximum score 84; higher score indicating better perceived social support). Table 3 : Eff ect of intervention on depression, disability, functioning, and perceived social support scores
Discussion
The intervention did not produce any signifi cant change in infant growth indices but had other benefi ts-ie, infants had less episodes of diarrhoea and were more likely to be immunised than those in the control group; mothers were more likely to use contraception (birth spacing is an important factor in reducing infant morbidity), and both parents reported spending more time playing with their infants. In a poor rural community with little access to mental health care, integration of a cognitive behaviour therapy-based intervention into the routine work of community health workers more than halved the rate of depression in prenatally depressed women compared with those receiving enhanced routine care. In addition to symptomatic relief, the women receiving the intervention had less disability and better overall and social functioning, and these eff ects were sustained after 1 year. This community-based trial had a high response and follow-up rate. Assessments were done by trained and experienced researchers who were from the same cultural background as the depressed women, and all instruments were culturally adapted. The cluster design ensured that the risk of contamination was negligible. Although cluster-randomised trials are suscep tible to bias, the baseline characteristics in the two groups were similar, and eff orts were made to ensure that the assessors remained unaware of the allocation. The trial did not capture mothers who were not depressed in pregnancy and developed a depressive episode postnatally. However, our previous study in the same area showed that in more than 90% of the women, postnatal depression was a continuation of a depressive episode during pregnancy 3 and therefore targeting women for intervention during pregnancy was the correct strategy.
The rate of stunting in infants in the intervention group was non-signifi cantly less than that in the control group. Height for age is more responsive to repeated or longer term adverse conditions (such as maternal depression) than is weight for age, which responds to acute adversity. 27 Growth is likely to be aff ected by complex interactions between maternal, child, and environmental variables. The benefi ts of improved maternal mental health on infant nutrition, possibly mediated through improved stimulation, care, and responsive feeding are likely to be cumulative and develop during time. A longer follow-up might have shown signifi cant eff ects of the intervention. The fi nding that infants whose mothers did not respond to treatment had poor growth, even after controlling for socio demographic factors, strengthens the argu ment for an important role of maternal depression in in fant under nutrition. Thus, earlier interventions (before depression becomes chronic), and development of secondary-care and tertiary-care facilities for depressed women who do not respond to primary care, might be necessary.
Of note, our comparisons were not between intervention and treatment as usual but intervention and enhanced routine care. The rate of recovery from depression in the control group at 6 months (47%) was greater than the rate of spontaneous remission without treatment we reported in our previous observational study in the same area (24%). 28 We did not assess whether the Lady Health Workers in the control group took action to treat the mothers' depression (other than monitoring their visits). Even regular, monitored visits by experienced health workers could have had therapeutic benefi ts, which could have diluted the eff ects of our intervention on our primary outcome. Such treatment eff ects with control groups have been reported in other trials in developing countries. 29 Even in high-income countries, more than 50% of people in the community with major depression are Data are n/N (%), unless otherwise indicated. ICC=intra-cluster correlation coeffi cient. *Adjusted for parity, education, infant sex, socioeconomic status, baseline depression, disability, and perceived social support with a random eff ect for Union Council. †One or more in 2 weeks before assessment. ‡Once or more every day. In low-income countries, this value is 70-100%. 31 This intervention has the potential of providing mental health care at the doorstep to a very high proportion of women with this highly prevalent and disabling mental disorder in Pakistan and other low-income countries. This programme is not vertical (ie, focusing solely on depression); it is dependent on a separate mental-health workforce. On the contrary, the integrated cognitive behaviour therapy-approach eases the routine work of health workers with women who are otherwise socially excluded and diffi cult to access, and has added benefi ts, such as improvement of infant health outcomes. Indeed, the intervention led to an increased rate of immunisation and uptake of contraception, the two key tasks for Lady Health Workers. These eff ects, combined with the high prevalence of maternal depression, should make this intervention of interest to policy makers.
The intervention was designed to be integrated into the routine work of the Lady Health Workers, and feedback from the 40 trained women showed that almost all of them thought it was relevant to their day-to-day work and none of them considered it an extra burden. 13 The training was short (2 days followed by a 1 day refresher after 4 months) and therefore feasible on a large scale. However, an important component of the training process was the monthly half-day group supervision, which, for this study, was provided by experienced members of the research team. 13 Regular and reliable training and supervision are essential for the success of community health worker-based programmes. 32 Working with depressed individuals and their families in very poor settings can be stressful for the health workers; therefore, strong supervisory mechanisms need to be in place when scaling up a programme of this nature. This super vision could be in the form of peer groups in which health workers from each locality meet on a regular basis to discuss the families they are caring for. In our experience, such meetings in which health workers brainstorm for solutions and discuss their successes and failures in a supportive environment can be a sustainable model for supervision in places without resources to employ trained supervisors. 13 Guidelines for such peer supervision would need to be incorporated into training.
Worldwide, the importance of mental health in achieving developmental goals, such as those endorsed by the UN's Millennium Development project has received increased recognition. 33 However, this recognition is not matched by the development of an evidence-base for cost-eff ective interventions that can be scaled up in resource-poor settings. We believe this study suggests directions such interventions could take to make mental health an important component of public-health programmes.
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